Recently, Ohno [LEUKOS, 10:47-55, 2014] proposed a method for computing the correlated colour temperature (CCT) of a light source, which is a combination of the triangle solution and the parabolic solution. In this paper, a hybrid method consisting of third order polynomial solution, the triangle and parabolic solutions is proposed to further enhance the Ohno method. Simulation results shows the proposed method performs better than the Ohno method does in predicting CCT and Duv, especially when the CCT is large.
Introduction
The spectral power distribution (SPD) of a Planckian radiator [1] , denoted by M(, T), can be completely determined from its absolute temperature T in Kelvin (K) using the expression: m K. The colour temperature T of a light source is the colour temperature of a Planckian radiator which emits radiation of the same chromaticity as the light source. When a light source has a chromaticity which is not the same as the one of the Planckian radiator, the term "correlated colour temperature" (CCT) is used, defined as the temperature of the Planckian radiator whose chromaticity is the one nearest to that of the light source in a uniform chromaticity scale (UCS) diagram [1] . Specifically, the UCS diagram recommended up to now by the International Commission on Illumination (CIE) for CCT computation is the CIE 1960 UCS diagram [1] , where the chromaticity coordinates are given by: 
and x, y are the chromaticity coordinates of the light source in the CIE 1931 coordinate system [2] . Note that the uniform chromaticity coordinates ( , u v ) currently are not used anymore, instead, a better uniform spaces ( , u v   ) are recommended by CIE [3] . However, for the computation of CCT, chromaticity coordinates ( , ) u v is still considered. Since
, we can compute CCT in space ( , u v   ). However, for simplicity, in this paper the space ( , ) u v is used.
Let u, v be the chromaticity coordinates of the light source/illuminant, and u(T), v(T) be the chromaticity coordinates of the Planckian radiator with colour temperature T. Then, the square of the distance between (u, v) and (u(T), v(T)) is the function f(T):
and the computation of the CCT is just a minimization of this objective function f(T) with T.
CCT, however, provides only one dimension of the chromaticity ( , u v ) of the light source considered, and there is another dimension, which is the position of chromaticity with respect to Planckian locus, as noted by Ohno [4] . For this purpose, " uv D " as the distance from the Planckian locus have been used. Suppose for the given light source with chromaticity coordinates (u, v) , and the function f(T) reaches its minimum when 0 T T  , which means the CCT is 0 T for the given light source, and thus the uv D for the given light source is given by [4] :
where,
Figure 1 -Illustration for Robertson and Ohno methods for finding correlated colour temperature
For estimating the correlated colour temperature (CCT) of a light source, a nonlinear optimization problem must be solved as discussed above and the minimization problem has no analytical solution and hence iteration method such as Newton method [5] , must be used. In order to avoid using an iterative method for solving the non-linear optimization problem, many empirical methods such as McCamy [6] and Qiu [7] , look up table (LUT) approach such as Robertson [8] method were proposed for estimating the CCT. For the empirical methods , they are simple, but have poor accuracy. For the LUT approach, its accuracy depends on the number of samples in the LUT. The more points the LUT has, the more accuracy it has. Recently, Ohno [4] proposed a method, which is similar to the Robertson method, uses certain points in CIE 1964 (u,v) space on the locus of Blackbody radiator as lookup table (LUT), as shown in Figure 1 . The curve (blue) In Figure 1 is the Planckian radiator locus. The lines (solid black) intersecting with the curve are the iso-temperature lines and the intersecting points are all from the LUT. For the given chromaticity (the point P shown in Figure 1 ) of the light source, the nearest two points from the LUT can be found, suppose they are the points j P and T  . Robertson method for finding CCT of the given light source uses linear interpolation on angle  . While for the Ohno method, firstly, a third nearest to the given point P from the LUT can be found. Let it be the point , can be found using the linear interpolation again depending on the distances between j P and x P , and between 2 j P  and x P . Ohno suggested that a scaling factor should be applied to the estimated CCT (see Eq. 8 in Ohno paper [4] ). Hence, the sign (see Eq. 4) can be computed. Ohno [4] derived the formulae based on the (green) triangle shown in Figure 1 . Hence, the method is called the Triangle solution.
Next, let ( ,( ( ), ( )) D P u T v T be the distance between P and the point ( ( ), ( )) u T v T on Planckian radiator locus. ( ,( ( ), ( ))
D P u T v T can be estimated locally using a second order polynomial, denoted as 2 ( ,( ( ), ( )) D P u T v T , of the colour temperature T , i.e. 
Note that the estimated 2 uv T is also corrected using the same scaling factor given in Eq. 5 as Ohno suggested for the same reason. Note that Ohno [4] called the method using second order interpolation (see Eq. 6) as parabolic solution. Note also that when computing the sign associated with 
where 0= 360nm, n= 830nm, j+1-j = 1nm, and the function M is given in Eq. 1, ( )
z  are the CIE 1931 colour matching functions. The k in Eq. 7 is a scaling factor. However, it is not important since it will be canceled when the chromaticity coordinates u(T) and v(T) are computed.
( ) 4 ( ) /[ ( ) 15 ( ) 3 ( )], ( ) 6 ( ) / [ ( ) 15 ( ) 3 ( )].
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The Proposed Method
Though, finding the minimum of the distance 2 ( ,( ( ), ( )) D P u T v T given by Eq. 6 is not a difficult task, it looks awkward, since we use three points k P , , 1 and 2 k j j j    , for the interpolation to get the 2 ( ,( ( ), ( )) D P u T v T given by Eq. 6 and we might expect the minimum point 2 uv T appears in the interval T T  , which is not guaranteed in general. On the other hand, third order interpolation may be better than second order for approximating the true distance ( ,( ( ), ( )) D P u T v T . So an additional point , the fourth nearest point from the LUT to the given point P , can be selected. Let the point be 1 j P  . Now using the four points k P , 1, , 1 and 2 k j j j j     , and the associated colour temperatures k T , a third order polynomial
( ,( ( ), ( ))
D P u T v T of the colour temperature T can be formed and it can be written as:
Thus, 3 
( ,( ( ), ( )) D P u T v T can be considered as an approximation to the true distance ( ,( ( ), ( )) D P u T v T
. We expect 3 Motivated by Figure 1 , we propose a hybrid method, which is defined by the following: 
( ,( ( ), ( )) D P u T v T is locally closer to the true distance ( ,( ( ), ( )) D P u T v T than 2 ( ,( ( ), ( )) D P u T v T does since we have used more points. Let 3 ( ,( ( ), ( )) D P u T v T reaches its minimum at colour temperature
Note in the proposed method for each of the parabolic and third order solutions, an associated CCT uvi T can be estimated first, then the uvi D is computed using the given chromaticity point P and the point ( ( ),
uvi uvi u T v T on the Planckian radiator locus . While for the triangle solution, 1 uv D is the predicted distance using formula (see Eq. 8 in [4] ) given by Ohno. In the next section, the proposed method will be tested and compared with the Ohno combined method.
Performance of the proposed method
We tested the performance of the proposed method together with the Ohno method by using sets of samples (hypothetical light sources) with known CCTs and uv D . Specifically, we considered sets of 5 samples placed on different isotemperature lines, which by definition must have the same CCT for a perfect computational method. For any selected colour temperature T from 1000 K to 20000 K at 1K step, the points (u(T), v(T)) on the Planckian radiator locus were computed, and the associated isotemperature lines were determined.
Then, we computed the five equi-spaced samples in each isotemperature line: sample #3 was placed exactly on the Planckian radiator locus in the u, v space; samples #1 and #2 were placed above the Planckian locus at distances of 3×10 units to the Planckian locus in the u, v space was used by Ohno [4] and for comparison purpose it is used again in this paper.
The maximum absolute difference between the predicted and exact CCTs of the five aforementioned samples on the isotemperature line will be designated as max|T | and it can be considered to be the maximum prediction error for the isotemperature line. | T| Figure 3 shows the maximum prediction errors (max|T |) for the Ohno (blue) and proposed (red) methods. It can be seen that in general, the maximum prediction error is increasing with the colour temperature. When the colour temperature is close to 20000K, the maximum prediction error is about 1.2 for the Ohno method and 0.4 for the proposed method. Details can be observed by enlarge parts of the Figure. Figure 5 . It can be seen in this case, the proposed method is better than the Ohno method in most cases. Overall, the proposed method has also a better prediction accuracy than the Ohno method does in predicting uv D . 
Conclusions
In this paper, a new method is proposed for computing CCT and Duv for a given light source. The proposed method consists of the triangle, parabolic and third order solutions. The method is simple and is a generalization of the Ohno method. Testing results show the proposed method is more accurate than the Ohno method in predicting the CCT and uv D .
